Summary -Nutrition of lactating ruminant has been the aim of several mathematical models for several decades. A comparative study of these models was performed on a limited number of aspects. At the digestive level certain models were based on compartmental structure while others were built on stretched flows ones. Only few systematic comparisons of the models of digestion have already been carried out and it appears necessary to achieve a more detailed level of comparison. On some important aspects, the level of knowledge, and therefore the reliability of digestive models, remains largely unsufficient. This is particularly the case of the production and absorption rates of volatile fatty acids in the reticulo rumen. Quantitative knowledge remains also unsufficient on the absorbed flows of glucose and long chain fatty acids in the small intestine. On metabolic aspects the already published or used models are also largely different one from each others. The level of aggregation, which can be roughly evaluated with the number of tissular and metabolic compartments differs largely between models. This number ranges from LT 10 to more than 50 for research models. Another important feature on which models largely differ concerns the regulating system. It was in all models more or less theoritical due to the lack of knowledge to elaborate a mechanistic model of regulations. Otherwise the published regulating systems took into consideration at various degree the homeostatic and homeorhetic drives. The comparison of the existing models of lactating ruminant was also reviewed through the major organs (splanchic area, liver, protein, lipids, udder) and metabolic areas (metabolism of nitrogen, lipids and minerals).
Introduction
Nutrition of lactating ruminant has been since the turn of the previous century a topic of research. A major target and application of this research has been the development of feed unit systems. Numerous systems have been thus successively proposed, each one being more accurate than the previous one. For each limiting nutrient the common aim of these systems was to predict, in a same set of additive units, the animal requirements from performances, and the feedstuffs values from chemical analysis.
This classical approach of &dquo;meeting the requirements&dquo; is changing rapidly because animal production has been progressively faced to new challenges such as diet optimisation in a context of milk quotas, environmental concerns, product quality, animal health and welfare... These challenges have strengthened the opportunity of predicting animal responses to diet variations (Sauvant, 1992) . Such Numerous empirical models dealing with input (feed) output (milk production) relationships have already been published. They will not be considered in this report although several of them are of high practical interest. In this report, our interest was only focused on whole animal mechanistic models. They have been published during the last decade (Baldwin et al, 1987 (Baldwin et al, , 1995 Paul 1990; Danfaer, 1990) . Some other models have been built and used to help experimental research although only partially published as the lactating ruminant model developed in our lab (Sauvant and Phocas, 1993; Sauvant et al, unpublished) .
The aim of this report was not to do a systematic comparison of these whole animal models which would constitute a huge work.
The purpose was to focus on some specific underlying aspects which seemed to us essential and on which model proposals differ.
Modelling (Madsen, 1985; V6rit6 et al, 1987; AFRC, 1992...) . All these models were conceptually similar, however differences of values in their basic items could lead to some variations in the predicted flows of amino-N at the duodenum or absorbed through the small intestine wall (Verite and Peyraud, 1994) . In many protein unit systems the microbial protein production was predicted with a linear relationship from the calculated fermentable organic matter, (Verite et al, 1987;  (Dijkstra and France, 1995) underlines that large differences can be observed between the current rumen mechanistic models particularly on aspects dealing with particle kinetics.
Otherwise differences appeared also in the prediction of lysine and methionin flows between the PDI (Rulquin et al, 1993) (1994) and of Doreau and Ferlay (1994) (Forbes, 1995) and VFA production and flows of absorption (Dijkstra et (Seal and Reynolds, 1993; Lindsay, 1993; Ortigues and Visseiche, 1995; Reynolds, 1995) (Sauvant, 1992) . At its highest level of aggregation this system can be divided into two subsystems (Sauvant, 1994) .
The operating subsystem (OS) constituted by a complex hierarchy of compartments connected by pathways. The first level of organisational hierarchy within OS is the distinction between the digestive and metabolic subsystems.
The regulating subsystem (RS) which is a part of the whole endocrine control system. On nutritional as in other aspects living organisms are regulated to achieve two major purposes (see the teleonomic project of Monod, 1970) : their own survival and the perennity of their species. The homeostatic regulations (HS) aim at the first target while the homeorhetic regulations (HR) concern the second one. A discussion on these regulations and the way to model them was published by Sauvant (1994 (Danfaer, 1990 (1987) , Danfaer(1990) (Lindsay, 1993; Ortigues and Visseiche, 1995; Reynolds, 1995; Lescoat et al, 1996) . These models will permit to update the systems of predicting responses of the nutrient flows disappearing from the gut rumen.
Mechanistic modelling of splanchnic tissue metabolism seemed until now limited to liver metabolism (Danfaer 1990, Paul (1994) . Furthermore a more aggregated udder model integrating blood flows and milk precursor uptake was proposed by Cant (1995) . In the whole lactating cow published models the mammary metabolism was highly aggregated and largely corresponded to stretched flow structures.
Then the udder was more or less considered as a sink in a quasi steady state situation. This is particularly the case of the model of Baldwin et al (1987) and Sauvant et al (unpublished), while models proposed by Danfaer (1990) and Paul (1990) (Rulquin et al 1993) . It becomes therefore a challenge to improve on this aspect the published lactating cow models which had until now just considered amino acids in a unique pool. This task is a priori complicated because of the number of amino acids, of their metabolic specificities and of their mutual interactions. Moreover, the peptides could also play a non negligible role.
The current context of controlling the flows of faecal and urinary N excretion in numerous areas of the world stressed the need of having a reliable model of the NH 3 and urea metabolism of ruminant. Interesting quantitative data have been published on this aspect for several decades (Harmeyer and Martens, 1980) , and a first model of NH 3 -urea metabolism in sheep has been performed two decades ago (Nolan, 1975 Paul (1990) , however the issue is remaining on the practical opportunity to achieve this level of detail in a whole animal model.
For HR models it can be stated that NH 3 -urea metabolism is now fairly well modelled.
However blood flows will have to be taken into account to integrate new features which were until now ignored (i.e. the high portal flow of N H 3 )-Lipid metabolism A first model of lipid metabolism in dairy cow has been described by Baldwin and Smith (1971) The oxidative metabolism was not taken into consideration in the models of Danfaer (1990) and Sauvant and Phocas (1993) . In contrast the model of Paul (1990) (Christiansen et at, 1924 (Sauvant, 1993 
